INTRODUCTION
============

Population aging and the obesity epidemic are major public health problems worldwide. Normal aging is associated with changes in body composition characterized by a relative decline in muscle mass and a progressive increase in fat mass ([@B1]). In 1989, Rosenberg proposed the term \'sarcopenia\', which refers to the involuntary loss of muscle mass associated with aging ([@B2]). It is estimated that skeletal muscle decreases 8% per decade from the late 40s up to the 70s and onwards; it is known that the decrease can accelerate up to 15% per decade ([@B1]).

Sarcopenia leads to physical disability and functional impairment (i.e., impaired activities of daily living, falls, and gait disturbance) ([@B3]). Moreover, sarcopenia is known to be associated with cardiovascular disease (CVD) risk factors, such as glucose intolerance and metabolic syndrome ([@B4], [@B5]). Furthermore, aging and physical disability are associated with increased visceral fat mass, which leads to functional limitations and cardiovascular risk ([@B6]). Similar to sarcopenia, obesity is known to be related to diabetes mellitus and CVD (i.e., ischemic heart disease and stroke) ([@B7]), which can lead to functional impairment and physical disability ([@B8]). Therefore, sarcopenia and obesity might synergistically increase their effects on physical disability, metabolic disorders, and CVD ([@B9]). The concept of sarcopenic obesity was proposed to describe the relationship between sarcopenia and obesity ([@B10]).

CVD is the leading cause of death throughout the world. The prevalence of CVD in Korea is increasing and it is currently the second most common cause of death in the single disease category after malignancy. Therefore, it is necessary to identify subjects who have increased risk of CVD and study the relationship between sarcopenic obesity and CVD to improve public health in Korea. To the best of our knowledge, only a few studies have been conducted to evaluate the association between sarcopenic obesity and the overall CVD risk in the general population. Therefore, this study was conducted to assess the relationship between sarcopenic obesity and CVD risk, as estimated by the Framingham risk score, in Korean adults using nationally representative survey data.

MATERIALS AND METHODS
=====================

Study population
----------------

This study was based on data acquired from the 5th Korea National Health and Nutrition Examination Survey conducted in 2010 (KNHANES V-1). The KNHANES has been conducted periodically since 1998 by the Korea Centers for Disease Control and Prevention (KCDC). The KNHANES is a series of cross-sectional, national health and nutrition surveys designed to provide representative prevalence estimates for a variety of health measures and conditions. The survey design is a complex, stratified, multi-stage probability sampling of the non-institutionalized civilian Korean population. These surveys have generated nationwide and representative statistical data through self-administered questionnaires regarding health and nutritional status and health behaviors.

The KCDC selected 10,938 individuals from 3,840 households; 8,598 of those subjects participated in the KNHANES V-1 surveys (response rate=81.9%). Of the 4,552 subjects aged ≥40 yr, participants who had previous diagnoses of ischemic heart disease, stroke, liver cirrhosis, or chronic kidney disease (n=300), who were receiving cancer treatment (n=76), or who were pregnant (n=54) were excluded from the study. Individuals with a low body mass index (BMI; \<18.5 kg/m^2^) and/or incomplete anthropometric measurements or laboratory test results were also excluded (n=802). A total of 3,320 subjects (1,458 men and 1,862 women) were included in the final statistical analysis.

Anthropometric and laboratory measurements
------------------------------------------

Anthropometric data, including height, body weight, and blood pressure (BP), were obtained according to standardized guidelines. Height was measured in centimeters with the subjects in an erect position after removing footwear. Body weight was measured in kilograms with subjects dressed in light clothing. The BMI was calculated by dividing the body weight by the height squared (kg/m^2^). The resting BP was measured in triplicate at 5-min intervals in the seated position and the average of the 2nd and 3rd measurements was used in the analysis.

Fasting glucose, total cholesterol (T-C), high density lipoprotein cholesterol (HDL-C), and triglyceride (TG) levels were measured using the autoanalyzer (Hitachi Automatic Analyzer 7600®, Hitachi, Tokyo, Japan) after a fasting period of at least 8 hr.

Covariates and potential confounders
------------------------------------

Korea is divided into 12 different administrative regions, which we categorized as urban and rural groups. Seoul, Gyeonggi, and 6 other metropolitan cities (Busan, Daegu, Incheon, Gwangju, Daejeon, and Ulsan) were grouped as urban areas; all other remaining regions were grouped as rural areas. The socioeconomic status was assessed based on the household equivalent income and educational level. Household equivalent income was calculated as the sum of the monthly income of all household members divided by the square root of the household size. Educational level was classified based on the number of years of schooling (i.e., ≥12 or \<12 yr).

Alcohol intake was evaluated by the Alcohol Use Disorder Identification Test (AUDIT), which is used to identify individuals who have drinking problems. The AUDIT cutoff scores for problematic drinking, alcohol use disorder, and alcohol dependence were 12, 15, and 26 points, respectively ([@B11]). Resistance and flexibility exercise were marked \'yes\' when the participant performed the relevant exercise for ≥1 day per week. Regular walking was defined as walking ≥30 min for ≥5 days per week.

Definition of sarcopenia and sarcopenic obesity
-----------------------------------------------

Dual energy X-ray absorptiometry (DXA; DISCOVERY-W fan-beam densitometer, Hologic, Inc., Bedford, MA, USA) was used for measuring body composition of the participants. Appendicular skeletal muscle mass (ASM; kg) was defined as the sum of the muscle mass in the arms and legs, assuming that all non-fat and non-bone tissues were skeletal muscles. ASM measurements were divided by the weight (Wt) and values that were \<1 standard deviation (SD) below the mean of the sex-specific healthy reference group (i.e., aged 20-39 yr) from the same KNHANES V-1 database were considered sarcopenic. The cutoff point for sarcopenia was 31.30% in men and 24.76% in women. Obesity was defined as a BMI ≥25.0 kg/m^2^. Subsequently, subjects were further classified into 4 groups according to their sarcopenic and obesity status: the non-sarcopenic non-obese (group A; normal BMI/non-sarcopenia), sarcopenic non-obese (group B; normal BMI/sarcopenia), non-sarcopenic obese (group C; obese BMI/non-sarcopenia), and sarcopenic obese (group D; obese BMI/sarcopenia) groups.

Cardiovascular disease risk assessment
--------------------------------------

The Framingham risk score, based on the Framingham Heart Study (National Heart, Lung, and Blood Institute in Bethesda, MD, USA), was used to estimate CVD risk. Among several risk prediction models, the CVD outcome (i.e., coronary death, myocardial infarction, coronary insufficiency, angina, ischemic stroke, hemorrhagic stroke, transient ischemic attack, peripheral artery disease, and heart failure) was analyzed in this study. According to the Framingham algorithm as outlined by D\'Agostino et al. ([@B12]), the risk score was calculated based on categorical values of age, sex, T-C, HDL-C, systolic BP, smoking, and diabetes. Smoking status, which was evaluated using self-reported data, was classified as \"current smokers\" (i.e., currently smoking) or \"non-smokers\" (i.e., those who had never smoked or had smoked previously but later quit). Diabetes was defined as current treatment with oral hypoglycemic agents or insulin or a fasting glucose level ≥126 mg/dL.

Statistical analysis
--------------------

Statistical analyses were performed using the SPSS version 21.0 software (IBM Co., Armonk, NY, USA). All estimates were calculated based on sample weights to represent the total population of Korea and adjusted for the complex sample design of the survey. Continuous data were presented as means and standard error (SE), while categorical data were presented as frequencies and SE or 95% confidence intervals (CIs), as appropriate. The BMI and sarcopenic status were compared across groups using Student\'s *t*-test for continuous measures and the chi-square test for categorical measures. The distribution of the Framingham risk score (low, \<6%; moderate, 6%-20%; high, ≥20%) according to BMI and sarcopenic status was also presented. Odds ratios (ORs) and 95% CIs for the associations between the 4 groups (i.e., groups A-D) and the high 10-yr CVD risks were estimated using multiple logistic regression analyses. All results, except those in [Table 1](#T1){ref-type="table"}, were divided by sex. All tests were two-sided and *P* values \<0.05 were considered statistically significant.

Ethics statement
----------------

This study protocol was reviewed and approved by the institutional review board of Chuncheon Sacred Heart Hospital (IRB No. 2014-12). All participants in this survey signed and submitted an informed consent to KCDC.

RESULTS
=======

The mean age, ASM/Wt, and BMI of the study population were 54.3 yr (SE=0.3), 29.5% (SE=0.1), and 24.1 kg/m^2^ (SE=0.1), respectively. Approximately 51.6% (n=1,862) of the study population were women. The number of subjects with an obese BMI and sarcopenia was 1,160 (35.7%) and 915 (25.8%), respectively. The number of subjects in the 4 different groups based on their BMI and sarcopenic status was as follows: 1,761 (53.6%, group A), 399 (10.7%, group B), 644 (20.6%, group C), and 516 (15.1%, group D). The prevalence of sarcopenic obesity was 13.0% in men and 17.0% in women.

The descriptive characteristics of the study population are shown in [Table 1](#T1){ref-type="table"}. Subjects with sarcopenia were observed to be older and had a higher frequency of being female than subjects without sarcopenia in both BMI groups (i.e., normal and obese). Subjects without sarcopenia were taller, and more likely to be smokers than those with sarcopenia, regardless of their BMI category. Individuals with a normal BMI had higher mean levels of T-C and TG, but a lower mean level of HDL-C in the sarcopenia group compared to the non-sarcopenia group. However, there were no differences in the mean levels of T-C, TG, and HDL-C between sarcopenia and non-sarcopenia categories in the obese BMI group. The total calorie and protein intakes in the sarcopenia group were lower than the non-sarcopenia group for both normal and obese participants. Groups B and D (i.e., sarcopenic groups) had higher levels of systolic BP and higher proportions of ≥20% 10-yr CVD risk than the non-sarcopenia groups (group A and C), regardless of their BMI category.

The components of the Framingham risk model for each of the sarcopenic obesity phenotype groups by sex are shown in [Table 2](#T2){ref-type="table"}. Compared to the other groups, group B had more participants who were ≥65 yr and the prevalence of high systolic BP was higher in group D, regardless of sex. Men in group C and women in group B had higher frequencies of high T-C levels, whereas men in both group B and D and women in group C had higher frequencies of low HDL-C levels compared to other groups. The prevalence of diabetes was higher in the sarcopenia groups than the non-sarcopenia groups for men, and was higher in the obese BMI groups than the normal BMI groups for women. For men and women, there were no significant differences in the smoking frequencies among the 4 obesity phenotype groups.

The distribution of the Framingham risk category across the sarcopenic obesity phenotype groups by sex is shown in [Fig. 1](#F1){ref-type="fig"}. The mean 10-yr CVD risks were 15.04% (SE=0.31) in men and 7.91% (SE=0.26) in women. In both men and women, group A had the lowest risk for CVD (19.5% and 67.0%, respectively) in the \<6% risk category and group D had the highest risk for CVD (43.8% and 14.6%, respectively) in the ≥20% risk category. Men with sarcopenia had a lower proportion of low risk CVD and a higher proportion of high risk CVD compared to those without sarcopenia, regardless of their BMI category. In women, there was a lower proportion of high risk CVD in group A and a lower proportion of low risk CVD in group D. However, the distribution of CVD risk was similar between groups B (normal BMI/sarcopenia) and C (obese BMI/non-sarcopenia).

The ORs for the ≥20% 10-yr CVD risk calculated by logistic regression analyses are shown in [Table 3](#T3){ref-type="table"}. In the univariate analysis, the ORs of the ≥20% 10-yr CVD risk were significantly higher in group B (OR, 2.21; 95% CI, 1.29-3.44 in men and OR, 1.80; 95% CI, 1.01-3.21 in women) and group D (OR, 2.20; 95% CI, 1.52-3.19 in men and OR, 2.21; 95% CI, 1.41-3.47 in women) compared to group A. After adjusting for independent variables (i.e., total calorie intake, protein intake, resistance exercise, flexibility exercise, regular walking, equivalent income, and AUDIT score), the association between the ≥20% 10-yr CVD risk and group D remained significant (OR, 2.49; 95% CI, 1.53-4.06 in men and OR, 1.87; 95% CI, 1.02-3.41 in women), whereas no significant relationship was observed in group B.

DISCUSSION
==========

The purpose of this study was to evaluate the relationship between sarcopenic obesity, represented by BMI and sarcopenic status, and CVD risk, as estimated by the Framingham risk score. In the representative sample of the Korean population in this study, we found that both men and women with sarcopenic obesity had a higher risk of CVD than those with a normal BMI and muscle mass. Furthermore, participants who were obese and non-sarcopenic were not significantly associated with increased CVD risk.

Several studies about the relationships between sarcopenic obesity and metabolic abnormality have been conducted. In one of these studies, it was reported that sarcopenic obesity was strongly associated with insulin resistance in both young and old adults ([@B4]). However, in the Cardiovascular Health Study, CVD risk was not significantly elevated in the obese, sarcopenic, or sarcopenic-obese groups as determined by waist circumference and muscle mass ([@B13]). These discrepancies in the findings may be due to the different approaches for assessing sarcopenic obesity and population characteristics, such as ethnic differences. Asian populations tend to have lower muscle mass with increased insulin resistance compared to Western populations. The risk for type 2 diabetes starts at a lower BMI for Asians than Europeans ([@B14]), which means that diabetes and related CVD risks might be different between these 2 populations. Furthermore, the Korean population has significantly different CVD patterns compared to Caucasians. In a study in which proportional mortality rates were examined, Koreans immigrants of the United States had significantly higher rates of stroke and lower heart disease than Caucasians born in the United States ([@B15]). Although no studies have been conducted to evaluate the relationship between sarcopenic obesity and CVD risk in the Korean population, related factors (i.e., hypertension, diabetes, and metabolic syndrome) have been reported to be closely correlated with sarcopenia or sarcopenic obesity ([@B5], [@B16]). In this study, we confirmed that sarcopenic obesity is closely related to an increased CVD risk in Korean adults.

Interestingly, we found that obese subjects without sarcopenia did not have increased CVD risks. BMI measurements can be easily used to assess the obesity status, which might help predict CVD risk ([@B17]). However, the BMI of muscular individuals without excess body fat may be overestimated or incorrectly categorized as obese. Obesity, as described solely on the basis of the BMI standard without considering skeletal muscle mass, was not found to be related to CVD risks in this study. Therefore, it is inappropriate to associate CVD risks with obesity based on body weight only; further studies regarding new obesity indexes that can be associated with CVD risks are required.

In the current study, men with sarcopenia had a lower proportion of low risk CVD and a higher proportion of high risk CVD compared to those without sarcopenia, regardless of their BMI category. However, the distribution of CVD risk was similar between sarcopenic non-obese and non-sarcopenic obese women, which means that the pathophysiology of CVD would be different between the sexes. Women exhibit lower BP levels during most of their life span compared to men of similar age. Although postmenopausal women have similar BP levels compared to men of similar age, premenopausal women have lower BP and a reduced incidence of CVD compared to men of similar age ([@B18]). Female sex hormones, especially estrogen, have been demonstrated to modulate the renin-angiotensin-aldosterone system and have beneficial effects on cardiovascular function through actions in not only the kidney, heart, and vasculature, but also in the central nervous system ([@B19]). In our study, men were more associated with the mean 10-yr CVD risk than women (15.04% vs. 7.91%, respectively), and sarcopenic obese men were more associated with an increased 10-yr CVD risk compared to women with sarcopenic obesity. Men lose a greater skeletal muscle mass with aging, which is highly associated with other health problems relating to sarcopenia (i.e., functional decline, decreased muscle strength, and osteoporosis) than women ([@B20], [@B21]). In this aspect, it is expected that women are less affected by sarcopenia relating to CVD risk than men. Therefore, at a similar BMI, the impact of sarcopenic status on CVD risk is greater in men than in women.

Several definitions of sarcopenia have been proposed in previous studies, but the height-adjusted and the weight-adjusted definitions are most widely used. Weight-adjusted sarcopenia is defined as ASM divided by the body weight (ASM/Wt; %), and height-adjusted sarcopenia is defined as ASM divided by the height squared (ASM/height^2^; kg/m^2^) ([@B5]). In a previous study conducted in Korea, the height-adjusted definition was observed to underestimate the prevalence of sarcopenia and sarcopenic obesity ([@B22]), and the weight-adjusted definition was more closely correlated with metabolic risk factors compared to the height-adjusted definition ([@B5]). The weight-adjusted definition might be a more suitable index for defining sarcopenia in the Korean population, and therefore, we selected the weight-adjusted definition for evaluating the sarcopenic status in this study.

Several mechanisms could explain the significant relationships between sarcopenic obesity and increased CVD risk. Skeletal muscle is a primary site for glucose uptake and deposition and myokine secretion, which plays a protective role against insulin resistance ([@B4]). Therefore, sarcopenia promotes insulin resistance, leading to the development of several metabolic abnormalities (i.e., diabetes and related CVDs) ([@B23]). In other studies, an increase in skeletal muscle mass through training enhances the protection against arterial stiffness and hypertension ([@B24]). To summarize, it is believed that skeletal muscle acts as a defense agent against CVD. In addition to the close relationship between obesity and CVD, adipocytokines (i.e., interleukin-6 and tumor necrosis factor-alpha) secreted from the fat mass, which increase during obesity, raise the incidence of insulin resistance and CVD ([@B25]), and worsen sarcopenia by exerting catabolic effects on muscles ([@B26]). Furthermore, muscle loss is not isolated, but is strongly associated with a parallel increase in fat mass ([@B10]). This mechanism leads to a vicious cycle between increased fat mass and muscle loss, and may act synergistically to increase CVD risks. Therefore, it is important to examine sarcopenic obesity by measuring muscle mass, which can be useful for assessing public health care.

Sarcopenic obesity and muscle loss can be used to estimate the probability of having CVD, especially for those who are at a higher risk of CVD (i.e., family history of CVD, smokers, chronic drinkers, and those lacking regular exercise). Accordingly, it is vitally important to sustain or improve muscle mass while maintaining normal body weight through physical activities and balanced nutrition. The maintenance of muscle strength and the prevention of sarcopenia are essential for successfully performing physical tasks, including activities of daily living (i.e., walking, showering, and caring for one\'s personal needs) ([@B27]). Moreover, resistance training could become part of the non-pharmacological intervention strategy to prevent arterial stiffness and high BP ([@B24]). Protein intake may also be a significant factor for preventing the development of sarcopenia. Inadequate dietary protein, even during a short period, can result in muscle loss despite an adequate energy intake ([@B28]). Moreover, it was reported that nutritional supplements of oral amino acid mixtures increased the whole-body lean mass and insulin sensitivity in elders with sarcopenia ([@B29]). Therefore, protein supplementation in combination with resistance exercise, enhances muscle protein synthesis and improves body composition by increasing lean mass in relation to fat mass.

The present study has several potential limitations. Firstly, the cross-sectional design of this survey limited us from identifying causal relationships. Therefore, a causal relationship between sarcopenic obesity and CVD cannot be inferred. Secondly, the CVD risk estimated by the Framingham risk score was not an actual CVD outcome. The Framingham risk model was originally applied for Western populations and therefore, it may not reflect the different genetic profiles or social and environmental factors in the Korean population. However, instead of calculating the absolute risk scores of CVD, we used the distribution of the Framingham risk score to estimate CVD risk. Thirdly, we did not measure muscle function when determining sarcopenia. In recent studies, an evaluation of the presence of low muscle mass, muscle strength, and physical performance is recommended for diagnosing sarcopenia ([@B30]). The data acquired from the KNHANES included skeletal muscle mass measurements, but not muscle function or strength. However, several adjustments were made to this study indirectly to evaluate muscle function by referring to the practice rate of resistance exercise, flexibility exercise, and regular walking during analysis. Despite these limitations, our study has several advantages. Integrated risk comparisons were not conducted in previous studies for evaluating the relationship between sarcopenic obesity and CVD risks in the Korean population. The authors of these studies mainly evaluated hypertension, insulin resistance, or metabolic syndrome, which are CVD risk factors, rather than taking direct approaches to examining CVD risks. However, we made comprehensive comparisons for CVD risks based on individual traits by using the Framingham risk model. In addition, the data used in our analysis included a large representative sample of the general population in Korea; all analyses in this study were based on sample weights and adjusted for the complex sample design of the survey.

In conclusion, sarcopenic obesity was closely associated with an increased risk of CVD. Furthermore, participants who were only obese without sarcopenia were not observed to have increased CVD risk. Given the prevalence of CVD in Korean adults, further studies are required to examine the causal relationship between sarcopenic obesity and CVD, and public health interventions are needed for developing effective methods to promote prevention and treatment of sarcopenic obesity in general practice.
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Study population characteristics by body mass index and sarcopenic status (n = 3,320)
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Data are expressed as estimated mean±standard error or estimated percent (standard error), as appropriate. *P* values are from Student\'s *t*-test or chi-square test. ^\*^Equivalent income=monthly household income/√family size. ASM, appendicular skeletal muscle mass; AUDIT, alcohol use disorder identification test; BMI, body mass index; BP, blood pressure; CVD, cardiovascular disease; HDL, high density lipoprotein; Wt, body weight.
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Prevalence of components of the Framingham risk model for sarcopenic obesity phenotype groups by sex
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Group A (non-sarcopenic, non-obese): 18.5≤body mass index (BMI)\<25.0 kg/m^2^ and appendicular skeletal muscle mass/weight (ASM/Wt)≥31.30% in men or ≥24.76% in women. Group B (sarcopenic, non-obese): 18.5≤BMI\<25.0 kg/m^2^ and ASM/Wt\<31.30% in men or \<24.76% in women. Group C (non-sarcopenic, obese): BMI≥25.0 kg/m^2^ and ASM/Wt≥31.30% in men or ≥24.76% in women. Group D (sarcopenic, obese): BMI≥25.0 kg/m^2^ and ASM/Wt\<31.30% in men or \<24.76% in women. All data are expressed as estimated percentages (95% confidence intervals). *P* values are from the chi-square test. ^\*^Systolic blood pressure≥130 mmHg in individuals without hypertension treatments or ≥120 mmHg in individuals with hypertension treatment. BP, blood pressure; HDL, high density lipoprotein.
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Ten-year cardiovascular disease risk calculated by Framingham model and sarcopenic obesity phenotype groups by sex
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Group A (non-sarcopenic, non-obese): 18.5≤body mass index (BMI)\<25.0 kg/m^2^ and appendicular skeletal muscle mass/weight (ASM/Wt)≥31.30% in men or ≥24.76% in women. Group B (sarcopenic, non-obese): 18.5≤BMI\<25.0 kg/m^2^ and ASM/Wt\<31.30% in men or \<24.76% in women. Group C (non-sarcopenic, obese): BMI≥25.0 kg/m^2^ and ASM/Wt≥31.30% in men or ≥24.76% in women. Group D (sarcopenic, obese): BMI≥25.0 kg/m^2^ and ASM/Wt\<31.30% in men or \<24.76% in women. ^\*^Adjusted for total calorie intake, protein intake, resistance exercise, flexibility exercise, regular walking, equivalent income, and alcohol use disorder identification test score category. CI, confidence interval; CVD, cardiovascular disease; OR, odds ratio.
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